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BAI TOAN PONG HOC

Nhic lai bai toan dong hoc:

Xéc dinh vi tri : biét goc khép = vi tri khau cudi
Bai toan van toc — ma tran Jacobian.
Bai toan dong hoc nguoc: vi tri EF = quy dao goc khop



MUC DICH - PHUONG PHAP NGHIEN CUU DONG LUC HOC

Cho muc dich thiét k& , diéu khién robot , can thiét phdi c6 mot md hinh todn hoc thé hién
moi quan hé dong luc hoc tac dung |én robot .

Can xay dung cac phuong trinh vi phan cho chuyén ddng ctia robot dua trén co s& cac dinh
luat bao toan nang lwong cho robot,

Nghién ctru dong luc hoc nham giadi quyét bai toan sau cho robot:

Tinh todn cac lwc khép va cdc momen tai cac goc khép phat sinh trong qua trinh chuyén
dong cua robot.

Xac dinh cac sai s6 so vdi chuyén ddng da hoach dinh lam co s& cho qua trinh diéu khién
robot.



NHAC LAl CO HOC VAT RAN

Lirc vi momen quén tinh
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yen dong qu =[.¢ vo1 1 m0 men quén tinh; €; g1 toc go
yen dong quay [, = L& vo11: mo men quan tinh; ¢: gla toc goc

Mo men quan tinh ctia chat diém khoi luong m cach tdm quay ban kinh R

[=mR’

R m

O




M6 men quan tinh cta dia hinh tron khoi lugng m, ban kinh R

Mo men quén tinh cta hinh ciu dic khoi lrong m, ban kinh R
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NHAC LAI VE VECTOR

Tich vo hudng cua 2 véc to 1a mot dai lwong vo huong
Co2véctoa=la, a, a|;b=|b b, b,]

Vay a.b=a,.b +a,b,+a,b,

Tich ¢6 hudng cua 2 véc to la mét véc to
Co2vecto a= [.-:1] a .-;13]; b = [b, b, :53]

i j k
Vay axb=la, a, a,
b, b, b,

axb=(a,.b, —f.:.\'_q.:!'::z).i—(::1'1..1!'::3 —a,.b, )j+(a,.b;_, —az.ka



CAC VAN DE DINH LUAT NANG LUONG

Pong nang: K, = m.; Tinh tién
I’
Ky = > quay

P0ng nang cua vat ran vura tinh tién vira quay
K=K, +K,

L

Thé, néng P = fﬂ_g_h

Luc Coriolis

Fe,, =2.mvxo



Pinh luat bao toan nang lvong.

KE + PE = const
KE la ddng nang cua hé (kinetic energy)
PE |a thé nang cla hé (potential energy)

Pé 1ap phuong trinh chuyén déng, ta can dao
ham theo thoi gian.



PHUONG TRINH PONG LUC HQC LAGRANGE-EULER.
[=K_] K 12 tong dong ning ctia co h¢

L 1a tong the ning cua co hé

Dinh nghia : Luc (hay momen) tong quat tac dung 1én khau thir i duge xac

dinh boi phuong trinh Lagrange :

inﬁ—;—?—L Tz[Tl TE]T
dift 0q o©q
d oL aL_r g=l6, o,]

dt o4 oq



Vidul:  L3ap phwong trinh dong lwc hoc cho co hé:

bong nang: KE =L
2
Thé ndng PE:lkIE
0 :
Tf Ham Lagrange L:KE-PE :lm;frj _lkf
.
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mx+kx=10



Vi du 2: Lap phuwong trinh cho co hé bén du¢i

Pbong nang: KE:%JQE
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Ham Lagrange L=KE—PE=§JQ —EKQZ
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Vi du 3: Lap phuwong trinh cho co hé bén du¢i

kN k=k +k, ||k,

A

Pbong nang:

Thé nang

Ham Lagrange

o d oL

KE =—mx

PE =

L = KE - PE = mx
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Vi du 4: Lap phuong trinh cho co’ hé bén duwéi

o KE = - m(16}
Dong nang: 2

Thé nang PE =E,, —mglcos 0

_ 1 *)2 _
Ham Lagrange L_K—P_Em(lé’) +mglcosd =0

fo 74 5'}_2 ol
dif dq o©q
A+Ss5inf=0
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VI DU ROBOT 2 BAC TU DO RR

(X2,2) K, = Vima'0’ x, =a,cost +a,cos(@ +6,)

P =mga sinf Y, =a;sing, +a,sin(6, +6,)

X, =—a,0,sin0 —a,(6, +6,)sin(@, +0,)

> v, = a0, cosf +a,(6,+0,)cos @ +6,)

Vi =X+ V. =a'0 +a.(6,+0,) +2aa,(0° +60,)cosb,
K, :%mz"’j :%mzaféﬁ + }/zm.,ai(@] +6’:)2 "'mzaﬂz(az "'9192)‘30592
P, =m,gy, =m,gla,sin6, +a,sin(6, +6,)]

L=K-P=K +K,-P-P,=Y%(m +m)a, 60’ + Yma(6 +6,) +

+mya,a, (67 +6,0,)cos 8, —(m, +m,)ga, sin 6, —m,ga, sin(6, +6,)



2 2 2 |
(m, +m,)a;, +m,a; +2mm,cos8, m,a; +m,a,a,cosH,

2
m,a, + m,a,a,cost,

o
m,a,a,B; sinb,

M(6)0 +*V(9,,¢9i)+ G(6)=r

E m,a,a,(20,0, +02)sind,

)
m,d,

> X

.|_

-(ml +m,)ga,cos, +m,ga,cos(9, +9, )_

m,ga,cos(6, +9,)

—_—

(2.19)




PHUO'NG TRINH DONG LU'C HOC DANG TONG QUAT CUA 1 ROBOT

M(0)d+7(0,6)+G(0)=1
' Dong nang cua vat
1 1

K=—mviv+r—o lo

2 2

1. +
k=3 'D(q)q

Vo1 D(g) la ma trdn quan tinh

Pong nang tong quat:

Thé nang khau thir i

N v N , . A
Thé nang tong quat F=grm
Thé nang

P = iﬁ :Zﬂ:grmm‘i
i=1 i=1



Ham Lagrange

l n o
L=K-P=_%d,@)id,~P@
if

i, 104 P

A0+ {—--—"Hg.-—=1,
M ;ﬁq, "

— Zd,g;(fi')’fjj T zc;'jk (9)q.49,+¢.(q) =1,
J J

Hay viét lai dudi dang ma trdn
D(q)g +C(q.q9)q +g(q) =1



PHUO'NG TRINH DONG LU'C HOC DANG TONG QUAT CUA 1 ROBOT

Dang tbng quat ctia phuwong trinh ddng lwe hoc dwoce hinh thanh tir phép 1ap Newton-
Euler ludn ludn c6 thé dugc biéu dién nhu sau (& dang phwong trinh khéng gian trang
thai):

T = M(0)O + V(0.0) + G(0)

Vi

« MNM(O) - |a ma tran khdi lwong cla robot (1 x )
- ma tran vuéng dbéi x(rng, luén ludn kha nghich.
- chi phu thudc thanh phan vi tri

. V(0.0) -1amétvector (n * 1) md ta cac thanh phan ly tam va Coriolis
- phu thudc vao ca thanh phan vij tri va van téc

G(O) - 1a mot vector (n x 1) mo ta thanh phan trong lvong

- chi phu thudc thanh phan vi tri



BAl TOAN PONG LU'C HOC NGHIEN CU'U CAIGI ?
Tw phwong trinh dong lwc hoc,

T=M(O)O + V(0.0)+ G(O)
co ban ta co hai bai téan:
- Bai toan dong lwc hoc thuan:
T — (0.0.0)

- md phdng chuyén déng cla robot khi biét cac moment tao ra tir cac déng co.

« Bai tdan déng lwc hoc nguwoc:
(0.0.0) — T

- tinh téan cac moment can thiét (cung cap cho qua trinh diéu khién) dé thwc
hién chuyén déng mong mudn



2 DANG BAI TOAN PONG LUC HOC

ni(1). na(l). ... T(1) 6i(1), (1), ..., (1)

Forward
dynamics

T A

Inverse
dynamics

€|(f}, ﬁz{f), reus ﬂl[‘r)

n(1), ©a(r), ... 5,(7)



PHUONG TRINH PONG LUC HOC CHO CARTESIAN ROBOT

— 1 _1 : 7 2 )
= Ki=-mix? Ky =-my(?+y%) M= ym@+yi+s)
— = 2 2

—

v
P,=0 P, =m,gy P; = m3gy
4
9 Pt L= (K;+ K+ K;)- (Py+ Py+ Py)

——mlx + - mz(x + %) m (x +y +2%) - (my +my)gy

F .
d JL dL 1 mi+m, + my)x = F
P P Fs — (my +m3)j + (my +m3)g = F,

mgf - F3



PHUONG TRINH PONG LUC HQOC CUA CARTESIAN ROBOT

‘ml+m2+m3 0 0 0 F1
0 m2+m3 0 ||y |+|(Mm2+m3)g|=|F2
0 0 m3|| - 0 F3

| — Z | — | —

M(q)q+V(q.,9)+G(q) =T



PONG LUC HOC ROBOT 2 KHAU RT

K, =,!/2-""'3|"II11"£}12
ﬁll T X2, ¥ 2} FI' :mlgF] ‘-.lni.'?]

™
~,

x, =d, cos b
Vv, =d,sinf,

X, =d, cos 6 —d,0 sin 6

y, =d,sin6, +d,0, cos 6




PONG LUC HOC ROBOT 2 KHAU RT

v§ =i§ ‘I'y;? =d126-’|2 +d22

1 | T
K, =5mgv§ =Em2d2 :9[2 +51F:wza'22

P, =m,gy, =m,gd, sin6

L=K-P=K +K,-P-P =%ml[]29'f %mzd;r?f +%mzdf -mgl, siné ~m,gd, sinfl

L= %(mlzﬁ +myd,) )6, +%mzd; ~(m, +m,d,)gsin6,



PONG LUC HOC ROBOT 2 KHAU RT

oL d oL

z 2 ). .
—=(ml" +md, )0 ———=m] (2d.d.0 + oL
E’:lﬁl ( : o ] | di fjgl " ﬁl-l_m'( Idzﬂl dl ﬁ]) ﬁ=—(.’ﬂ|l’|+mgdj)gmﬂg|
M
OL - d oL - . ) |
&?—i:mzdl Eﬁ?i"z_mldz 7=m1dzﬂl —m,gsiné,

-mlllermgd; 09] _2m2d19'|£12_ (ml +m,d,)gcost,

0 myldy| [-mdd | | mgsind,

=

M(q)q+V(q,9)+G(q) =T




SCARA ROBOT

Chu y: bao gdbm robot 2 khau va khau tinh tién theo phuwong z.
SV vé tu giai va tham khao két qua.



i ) 2 ) 1o
(m, +m, )a; +m,a, +2mm,cosb, m,a; +m,aa,cost, | 0,

2 2 h
m,d; +m,a,a,cost, mya, I

—mlﬂlﬂl(zglgg +9§)5.in93_ (m, +m,)ga.cos®, +m,ga,cos(0, +0,)| |1

m,a,a.0; sind, _ m,ga,cos(b, +9,) By
— Khau 3:
1 Ap dung lagrange
bong nang : K5 = Emgzgf b CLng Tagrang

, M;Z; —Myg =75
The nang : P3;= my0zs.



(m,+m,)a’ +m,a’ +2mm,cosd, ma;+maa,cosd, 0

m,a, +Mm,a.a, cosd,
0

(m, +m,)ga, cos b, + m,ga, cos(6, + 6,)

m,ga, cos(6, + 6,)

—M,0

—m,a,a,(26.0, + 6;,2)sin6,

m,a,a,6;° sin 6,
O

2
m2a2

0

0|
M




VIET PHUONG TRINH PONG LUC HOC CHO ROBOT RTT CO
TOA PO HINH TRU NHU SAU- vé nha...

|
]

Hinh 1.1 Mo hinh robot tru






Trong do:

¥ ¥ ¥ . : ] .F'|:. :
6 ,d,, d, : La cac bienkhop

a, - Chieu dai khau 2



2
(J; +J, +ma, +m,

0

1
2

0

0

(m, +m,)g
0

|2

+m,d? —2m.d,l)

" m3a2

_(ds o I)msélz

dy(2m,d, - m,)g

0




CHUC CAC BAN MAY MAN......



